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(») TNte MULT.MODE W.VESSAL MOBILE TELEC OMMUNICATION S* 
(57) Abstract 

ni-«- ^ invention relat « »o a mobile commu- 
nication system combining several mobile Tm- 

en m C o a b T nCtWOrkS Wh ' Ch ™> «» d5£ 

, wh,ch mob ''e tenninals (43) can ooer- 
ate and e S tab!ish a connection in Le^rnSe 
commun.cauon networks. It is characterS of 

^i^r 1 '^! f*" 3 ' *« P«««e« on the basis of 
which a mobile terminal (43) decides on a han 
dover include, in addition to the qual.ty of Z 
connect™, at least one other parameter The £ 

speed and availab.l.ty. Primarily, we can think 
of selection based on price and quality i e TO 

STie'So ,io ;' bas€ on pri «- 2 

quality i. e . PCQ selection. When the system is 

w '* mobi,c pricin * «• AS; " 

ma n y fi3f3S?" ^ Wh ' Ch ^ m0bi,e «"*»» 
may freely choose the most suitable or the most 

cia^ffr ° f thC aVail8blc connections. T, s 
created a transparent subscriber market (40) for 
dua,. modc multimodc , e (43) which 

enhances rat.onal competition and improved 
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Multimode Universal Mobile Telecommunications System 



The invention relates to a multimode universal mobile telecommunications 
5 system, and particularly it relates to a system in which satellite and/or terrestrial 
mobile communication systems are integrated and in which a subscriber may 
choose between systems, services and connections on the basis of the price, 
quality, capacity or other criteria. In this description we will also use shorter 
names for the different mobile communication systems mentioned above, which 
10 will be, respectively, universal multimode system, satellite system and terrestrial 
system. 

All recent studies carried out by various consortia formed for the purpose of 
providing satellite-based mobile communication services have concluded that a 

15 wide area with relatively few service users is a basic criterion for changing into 
satellite systems. System interworking has also been examined as co-operation 
between one satellite system and one terrestrial system only, by developing dual- 
mode terminals which operate only between two systems. In addition, the co- 
operation of two systems at the dual-mode terminal level is designed such that 

20 two subscriber numbers are needed. 

The rapid growth of mobile communications especially in business environment 
and, on the other hand, the need of local users to have access to various satellite 
and terrestrial systems have set new challenges for the communications field. In 
the present invention, the key factors in the system interworking are global 
availability and cost-effectiveness. Therefore, the invention implements universal 
integration of various satellite-based and terrestrial systems at the radio interface 
level. Problems concerning the mutual co-operation and interconnections of the 
various mobile communication systems can be solved at two levels: at the 
network level and at the mobile terminal level. To modify existing mobile 
communication networks would be a very expensive solution. On the other hand, 
many of the problems involved in the integration of different systems can be 
transferred to the mobile terminal level. In the invention, it is developed a new 
communication system concept by integrating various satellite and terrestrial 
systems at the mobile terminal level by making use of a multiple access satellite 
communication system (MASCS). Such a system provides a transparent 
subscriber market (TSM) in which several networks may share subscribers, 
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whereby the networks will have more customers without having to fear an 
overload. This means a significant growth in capacity, which is cost-effective 
from the point of view of the operators and brings new efficiency in the use of 
capacity in mobile communications. A universal multimode system eliminates the 
5 need to radically change existing mobile communication networks. 

The invention may be implemented as an initial step toward rational liberalization 
of telecommunication services, which may also bring about new standars in the 
world of communications. From the user's point of view a multimode system 
10 forms a multiple access network (MAN) which includes various satellite-based 
and terrestrial mobile communication networks and also takes into account the 
universal mobile telecommunications system (UMTS) and the future public land 
mobile telecommunication systems (FPLMTS) as possible future entities in the 
network architecture of the universal multimode system. The advanced solutions, 
15 techniques and benefits of the universal multimode system provide the best 
possible service for the end user and bring rational free competition to the world 
of telecommunications. Such a system should be implemented before the various 
satellite systems start to build their networks which indeed are not always 
economical or user-friendly; nor will their competition with terrestrial mobile 
20 communication networks benefit the users or terrestrial mobile communication 
operators. The universal multimode system realizes the main objectives of global 
telecommunication; free competition, open accessibility and universal services as 
well as consideration of local regulations. 

25 The invention relates to a universal multimode mobile communication system 

which in its embodiment may include: 

multimode and dual-mode terminals used by the multimode system to 

provide the users of these equipment access to two or more satellite-based or 

terrestrial mobile communication systems, 
30 a selective multiple access system, which includes a price-quality selection 

system and provides the mobile terminal with information needed to select the 

optimal network, 

price-quality selection procedures for selecting access or handover between 
or inside two or more satellite or terrestrial networks, 
35 a mobile pricing system including a flexible cell- or network-based pricing 

system, providing information about service quality and prices for the mobile 
terminal, 
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a mobile invoicing system including a smart card management part and a 
call charging module and a subscriber identity and invoicing module in a mobile 
terminal and a price information controller and a dynamic accounting system, 

a multiple access practice, 
5 a multiple access satellite communication system which provides not only 

communication services but also methods, services and information listed above, 
needed in the operation of a dual-mode or multimode terminal, and which also 
may provide the service prices of all other satellite or terrestrial operators, 

a backward relay system to connect and change channels from a cell or 
10 beam to another to form virtually fixed cells, and 

location registration and call procedures. 

It is characteristic of a universal multimode system which connects or links 
together various terrestrial and satellite-based mobile communication networks 
15 that, on one hand, it is an intermediate system between their radio interfaces, ie. 
an integrated telecommunication protocol, and, on the other hand, that it is a 
communication system which connects all satellite and terrestrial communication 
systems to its own multiple access satellite communication system (MASCS). A 
universal multimode system that provides intelligent methods for dual-mode and 
20 multimode mobile terminals creates an entirely new mobility concept. Such 
terminals include a price-quality function which enables the optimal use of the 
connections of various mobile communication networks. The price-quality (PQ) 
selection measures and estimates both the transmission quality and the cost- 
effectiveness of the service provided by the various networks or just one satellite 
25 network and selects on the basis of these parameters the optimal connection 
(channel) and requests the network to allocate it. The PQ selectivity serves as an 
access and handover system called PQ-selective access and handover and it gives 
the mobile terminal full freedom to decide which network's radio channel to 
choose. This access and handover method is a new solution giving the mobile 
30 terminal access to various networks and eliminating the delay effects of satellite 
signals. The PQ selection can also be applied to other types of dual-mode or 
multi-mode mobile stations or fixed terminals. All above-mentioned solutions 
related to the present invention are new applications of terrestrial and satellite 
communications and they are very valuable both technologically and 
35 commercially. 
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In order to make mutual co-operation between v*« 

networks possible, it is imperative 2 dteTop ZZZlT 1°™""*™™ 
handover between sateHite networks and ,e^I u Pr ° b ' emS " 

■hese systems. to addition, a number of smMe[ "It!," User ac «" » 
5 Handover between a eel, i„ a cellular system 1 a'^ Zl " ^ 
problematic. In the GSM for e* a m„l. . a satel "«= beam is considered 

^'^^ZZL^XSZT' p T matic because 

(BCCH) and base station identification I > L«L he Channe ' 
satellite signals (depending on the post Hons o ' vr Pr ° pagaUon ^ of 
10 handover from a satellite to the r^M T ' Sa ' e " i,K) and ,he 

in Acuities in - -c h results 

universal multimode system, these SO ,utions are int^Z'^^ 
dual-mode terminals, which reduces the ne^d Z mulumode and 

existing systems. maj ° r mod ^ations in the 

15 

Considering that future cellular mobile networks intern ■ , 
mobile telecommunication system or i „,« , ,ntegrated ,nto a "".versal 
telecommunication system or se P Ll° s 0 " 1 ^ ™™< 

to satellite communication systems the LteM f COm P etIt ™ or partners 

20 operate with the terrestrial ne^ks o t m ! " Sh ° U,d * aWC " ^ 
on the other hand tenJ^i * enC0Ura S e both "sers and, 

stiver, m^STTLS^ ~»» - 

satellite networks have coverage areas coveriJ.h , USer5 ' S '" Ce 

mode or mul , im „de terminal sho^a, "to cZTTiT 0 '^ * dUa '" 
- and the price competitiveness of 

and satellite svstem.: Th* Prt , • 7 ierm,nal can access several terrestrial 

no terrestrial mobile services available. 

35 r,hiT'lT; d emb ° diments ™ «^>*4 in greater detai! with reference 
to the attached drawing where: tcicrence 
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Fig.l 
Fig. 2 
Fig. 3 
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m embodimem of - h — — - ~ 
ZiT ed b,ock diagram of a ™ bi " — -o rdi „ g to the 

i'^T S ""r 2 """ 6 ° f 11,6 0pera ' i0n of 11,6 mob i" P^ing system 
according lo the invention, and g V m 

Fig, 4, 5 itac embody of universa , mu 

commumcation system according to the invention. 

10 Figs. 4 and 5 illustrate the universal mi.l.™ j 

invention. Same or corresponding ;rslC :td5T em ,r° rding '° 
numbers. Fig. 4 shows a uoivJL .nulu^tU svs, *• "~ 
access network 30 comprises two T^T 3," 

respectively, and two satellite systems C and D 3 T and 32 T 
5 satellite systems are connected to the fixed ,1 h "-especttvely. The 

exchanges 36 and 37, and t^Z^^Z Z'T * '^"^ 
exchanges 38 and 39. T*e multiple a^s network c la'eT at 'ZTT 7 
"rmina, 4 1 or multimode terminal 42 a transparent subset ^0 6 

5 Rg. 5 shows a preferable embodiment of the universal m,.ltini. „ 
which all satellite and terrestria. networks a^e Till k 

Next, we will discuss the access procedure. In the GSM the access DrTO ,H„ 
compnses a request from the mobile station and an answer romTh! h 
which will allocate the channel. A mobile station ITZ V S ' a "° n 
information ,0 be able ,0 operate TZZ^ ^l^T * 

receive information from several cells, possib.y Z ce s „f ^ 

hte sltst^h: :r D f :,r °; e g about - — - 

- - .0 a„ mile ^^^^t^Z 



0:<WO 962894 7A1> 



20 



25 



30 



35 



WO 96/28947 

PCT/FI96/00141 

. . 6 

broadcast control channel (BCCH). All information needed bv the mn h . 
» souped in common channels (FCCH. SCH. BttTpMC^ VT™ 
downlink channel ie. they transfer information J^L^Mo 
stattons. The uplink common channe. on which mobile static „ ten^h 
5 access requests to the network is called the random access channel (RACH) 

protocol (frequency used, access methods etc , me Ih , tra " Smissio " 
se-ecton accords to the 

is a.so used in the mu It imod= case " " aCC « s - ha "«°^ -e.hod 

-ides which channe, /should t^C^ ^ 

system. Ftrst. using messages 1 the terminal sends to both system , hi / , , 
and me sa.elhte system, requests for a handover. Si„« "a d 
message sw.tching in the sate.lite system, neither the terrestria, syslm nor the 
mobtle termtna, can wait for handover decisions of the satel.ite svsfcm I„ he 
.errestna. system the handover message de,ay is a !o« shorter thai n te sa , ■ e 
system and. therefore, the terminal can firs, use a channe, a.loca^d from ne 
errestna, network until i, gets an a.loca.ed channe, from the satellite. loTng 
1, MMT is the termtna,, GSM/MSC is a mobile telephone exchange BSS L a 
base statton system, VLR is a visitor location register, and GS^vfsc is a 
gateway mobile services switching centre, and in addition to mose T sL„ 
sources take part n the signalling. ,„ me stalling, which first occur in I 

is? 4 air; v r essage sisnifying a ch ™ ei 3 » • 

Zer whlht , 7 3 " nUmber ' 5 meam ' he Sendi "8 of * h -«over report 

vt R ) 6 is a h h" reqUCSt ackn ° Wled S £ is -»« <° visitor location register 

mess *e c o , h' ""T^ ? rePreSe " tS related 10 *« <™«-~. 

message 8 contains phystca. tnformation and, finally, message 9 informs the 
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visitor location register about the fact that the handover h*c u 

accepted . After a delay me ^rj^;v:; c :f ,,y 

command 10 also from the **triiitm receives a handover 

compleuon an. t^^'^--^ 
5 performs co.pari.on beeween «,e ,wo ch^Twt ^^IT 
comparison and decision the inferior nf th* ™ .• • after 1116 

the GSM channe. is re,eas ed ^message Z"' " ^ c ~- 

sa.e..i.e channe.. Message ,3 .o t ~ J^ 7* ° mati ° n ^ *» 
comp,e.e d and me sa.e.L cha^e * .'7*™" " 

0 abou. .he handover and message 15 indica.es Z 1 h a H ' ' nforma,ion 

comp^ec, For a mome, ^7 " 

the .erresWal and one from A. sa.elli.e sys.em bu. Z, is 17 
mus. pay for *. long disunce. TWs means" J'lf^^ J^T" 8 "'? 4 
channe. a..oca.ed from me sa.e..i.e, me user shall no, "SLZ 
« even m„ ugh te delay „ less ^ one *« *«*■ 

•megra.ec. sys.ems comprising satel.i.e and .erresuia. ^££7 " ™ 

us,ng U,is handover memo.. The handover be.ween ^ ^ ^esl, svs, 

also be performe d in „ e same manner. The se.ec.ion Tblrt T ™ 

selerfivirx/ u 0 . selection js based on the PD 

ways , implemen. an access and handover 

In the multimode case the advantage rt f n,- 

apparen. when sever, sa.e,.i,e and .IsU " ^ 

offer differen. prices and differen. quality The^fore u l of 

se.ec.ive sys.em based on price an d quahry HnaL .h" ° P ma " y 

poss.b.h.y of using connections of differen, „e,wo£s bruT atnHmor, , 
compelilion between Uie operators and h»n™ • 8 rat,onal 

and prices. ,n me ^^^^Z^Z^ 
or saceHLe-based mobile communicaUon sysJs ^^1*^^.' 
selective system (MASS). ««mipie access 
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Next we will discuss multimode and dual-mode terminals. Because of the 
dualtsm of the network or, rather, the multi-network com™ 
environment, the U ser has to be able to have access to .ToTopZZnZT" 
only one mobile terminal which allows him to choose services "sU of Z 
PQ evaluatton. A normal dual-mode terminal suffices when the user needs H 

network (e.g. GSM), but the answer to the needs of multi-network mobile 
commun.cat.ons .nc.uding both satellite and terrestrial networks is the muMmode 
mobile termmal (MMT). Therefore, the PQ se.ection is, the naturaT so.ul„ 
sausfymg the expectations of the multi-network use, The operation of The PO 
selecnon may be compared to a tuner in a norma, radio receiver tha, can b tuned 
to d.fleren, ra d,o stafons operating a. different frequencies. The PQ selection 
a muh.mode terminal can automatically (alternate*) listen to the signals o 
vanous mob.le networks and change to a desired channe. when moving from a 
ceU to a sate.hte beam or vice versa. In other words, the PQ select sysL 
hops from a frequency band to another, implementing a kind of frequency 
hoppmg concept, and .istens to the appropriate information (prices) compares I 
w.th the transmission qua,i, y and makes the selection acting to he de2d 

20 I: modi ? Uality 7 " » ^ * 

20 dual-mode terrrunal prov.ded with the PQ selection has a considerable 

competmon advantage when compared to other dual-mode terminal, The PO 

selecuon may also be integrated in existing mobile stations and the user can have 

he poss.b.l.ty of selecting the most advantageous calls ,„ areas where there are 

.wo or more mobile operators available. The RF part of the multimode terminal 

te^ina, ' ™'' im ^ ™ dula ' i °» dnao *"« to " ~ The dua,-mode 
terrmnal (DMT) accordmg ,o the invention uses the multiple access selective 
system prov.ded with the PQ selection, mobile price information system mobile 
■nvo.cmg system, smart card management part, charging module and the 
subscriber .den.ity and invoicing module and provides the user with all the 
methods, features and benefits that are included in the multimode terminal but 
operates only between two networks. 
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The muluple access selective system including PQ selection provides the user of 
a mobile station with a unique possibility of real-time access to two or more 
satellite-based or terrestrial mobile networks. When idling, the mobile terminal 
performs the PQ selection in order to determine which of the connections 
provided by a terrestrial base station or a satellite beam, ie. the cells in which the 
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terminal is located, is the most suitable The cell , 
evaiuauon of signal strength a^douairL^ ^ * bMed ° n * e 

^ services offered to I ^^r:^ 6 ^^ 
mulumode or dual-mode terminal requests ! o^ll fr ZZ ^ *" 
5 question, after which the multimode or rf„ a i ° nneCtJOn from the network in 
in the network. Inter-neCk Ration o T"* ^ *° * ^ istered 

the operation of whic^^^ 
terminals can choose between automatic and manual PO se,- ^ ^ 
can select a network on the basis of » T Q Se,ectI0n and » ^us, they 

"> both of these. Tne infol^e, mT™ ^ " ^ 

n,u„i P ,e access seiective system, which C e 1^ Tn^ Tj^ ^ 11,6 
or into the satellite system (MASCS) of ,h„ ""= graIed ,nl ° mobile networks 
Section is based on the fact S „ , mU,,im0de " The P< 3 
wi.i be much higher man Z priced "rv" Sa ' e " i,e services 
5 and that the prices in different "Z Z co "^'^ ^ Ce " Ular 

-errestria, networks wil, ^^^!7^ ,,,C " ta,, "* differe "< 

various networks can be easi.y sen " '„ ab ° U ' Se ™« P-es of 
(on common channels) of he lZX or T ' ° f "« Si «" als 
network, a muldple access satellite clT t,Vely ° n ' y ° ne satel "'<= 

' information for all ope to-rTfo" h ° Zo^"°" ~ ^ 

r „i,es are mob.le and co4r^^^^^^»^on 
presents a mobile price information anr t • ' the ,nve ntion 

—ion system, s'o that ,^^1^ aSS ° Cia ' ed ^ «"« PQ 

between mobile operators If the Ibn! , r ra,i ° na ' c °">Pe««i°n 

^lity of two or P more Z^Z^^^T f" ^ 
terrestna! network. If no terrestrial network is available or i, '° 
mobile station performs a random selection hi '7 J " ° verloade * <*>° 

(RMA) system, which is an objecTof , h "nve^ Zl M 7 mU " iPle 
also be integrated in fixed terminals e B IT ^ "° n SyS ' em can 
•He possibili, of ^T^^^^^^ 
available fixed network operators Th. po provider fr °m among several 
» w„,c„ case i, makes to^ZZ^Z**.* 
the service retired which may no, be Z bl ° ^ ^ 
networks. satellite or terrestrial 
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network connection, service e.c. in general, particuUr.y in case ' 
mu tim d e „ „„, js capabJe Qf ^ c « * 

w,U take a closer look at the implementation of such a selection T' . 
termina.. .n addition to the network, a terminal m J a so „1 the s °" " 

:z T terminal may cmy om mmy wnds ° f ~on h T ■ ' P h ; ef r b Te e .: 

have the optimtzation automatized when the user or application jus. gives the 
P™ or parameters to be optimized. ,f the user e.g. wants to use a d up .« 
9.6 kbps data transfer, the termina. may aiways use a network that offers*" 
serv.ce a. the .owes, price. For examp.e, the termina. may in the user s office 

DECT " t 3 Z ' 0Ca ' ne ' WOrk (W " LAN) Md the <*» room- 
DECT network and upon leaving the DECT service ar,o i, ma „ u 

GSM or DCS.,00 network. Pa.me.ers to be «L^E£?J£ 
to the pnce and q ua.,.y, the power required. da,a transfer ra.e of the connec on 

.5 to use 3 dT' e ° r "* faSKS ' aVaHable - *™ -"'"^ the I", 
lele^cT """" ** 1,16 aPP ' iCa,i ° n ' ° P '" niZa ' i0 " »»* » <ower- 

The optimization may be implemented so ,ha. ,he user selects the service ,o be 
requested and the parame.ers to be optimized. ,„ , he case of a J?ZS£ 
app .cat.ons may have .hese parame.ers and ,he app.ica.ion can require Za d o 
u„.. to op.,m,ze .he service. After .ha, .he .erminal au.oma.ically 'elects the bes" 
network and service according ,„ , h ese parame.ers. While moving, or perhaps fo 
some oner reason, .he .erminal optimizes .he seleced service continuously 

The implementation of such a selection or optimization may simply comprise 
means , ha, md.cate which service is considered best. The device decideTtha 
accordmg ,„ ,he application used by .he user, or according ,o factors defined by 
fte user (or apphca.ion). Fig. 2 shows an example of the implementation in 
which .he termmal 16 is a data terminal equipment (DTE) including at leas, some 
apphcauon software ,7. In the case of data terminal equipment said means can 
on y monttor .he data traffic and decide what kind of service is best for ma. data 
ttafftc. The means can then request .he radio uni, ,„ s.ar, using a sui.able service 
The serv.ce may be provided by ,he same network ma, ,he .erminal is using 
currently, or ,he terminal may switch ,o a„o.her network if i, is capable of 
operating ,„ severa. networks. The means .ha. perform .he selection or 
optinuzation may compnse one function among the terminal adaptation 
functions. The terminal adaptation functions (TAF) are represented by reference 
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number 18 and the means performing the selection or on. • 
number 19. The terminal may carrv out J °P<»ni Z ation by reference 

following criteria: * ^ ' °^^n e.g. on ^ basis of the 

1) Data rate required by certain applications or dun™ 
> user may first want to transfer ^ JS^^V^^ SeSSi0nS - ^ 
the most suitable network service for tho «n r • ernUnal se,ects 

^ .*« or „» co ra ec U o: , ^it e i; ,, :r;ot i : seris r ng - 

a h.gh-speed service even if „ igh data rates were ^^p"* -ead of 

avai.abC^;;:;:: ^ e In ^ - °* - — - fastest connection ' 

1 z::z^t!^ r , rf a " r ices *• *• > * 

services available. ' ' erm ' nal ma * selec ' 'he best of the 

15 

The user may select the optimization criteria with the helo of ,h , 

-he application may se.ec, them automatically This na „r! , ^ ^ °' 

application software 17 which can n ^ L naturally requires special 

.ennina, adaption *^8^^tT77 MOm "" i0n ^ ^ 
20 carry out the optimization ^^^Z^^^T^ fUnC "° nS ™* 
possible atleas, in the cases Handle"! aPP,iCa "°"' ™* is 

Such means are needed e.g. to enhance GSM and PCS rt„ 

speed data services and packet da,a T Cards whcn hi S h - 

25 services. Such means p^^T^T^ » «" °'« 

does no, have to seleu with s «Z wh 1 " "* ' hal 

-d, and the cos, of the ^Z^Z^Z ZT^ ™»* '° * 
of network use is improved. If the prj„g n o™ a t„ " ****** 

o ■> the terminal. »e terminal may us^ i, J^S^^^ 

-^i«^<ta.i.i,«^ I Ju^^ < n '° Cal 2X63 

his personal digi,al assis,an, (PDA) The use" " i ch k ra ° Ve Wit " 
■• in a train, on his way to ft. office.^, sta^s ^ °" Wh » is 
wireless networks available and finds only ^,1^ nJ IT" 3 ' f ° r 
-ched and packet switched daJse^ ^Z^^ 
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me company's local area network (LAN) and download the latest sa .e 
from the office. Since the amount of data is high the ter™T ^ 
circuit switched connection. After the data £f£S2 "and ^ ' 
reading the report, and no data is beins transfer 1 USCr ls 

5 packet data service, user pays X^T^ZZ^T ? 
connection is not disconnected Havina ^ dnsr ers data. Note that the 

notices network B. Network B is ^iJs^ ZTZ^ T 
data service a, a m „ch lower price ta network A So 1 £ ? 
network B since i, is using pac k e, data ^ g^T*"* ? 

metropolitan area, network B is no longer available anHtp? "* 
< back ,o network A. When the user anfve he office .r. T°? '° SWiKh 
presence of the loca, area network (LAN) and naturall^starts <* 

all the fme, the cost of the service would have been very hi e „ Furth, 
enormous amount of the capacity of network A wo uId 2 ^Z^ZZl " 

Nex, ft will be gjve „ a funher example of a Knnjiiai 

t^Td 5 " differen ' netWOrkS ' ^ * "a-d on^he est 

standard and enhancements, but the optimization according to the present 

sir fn: r i,ize v n a : wireiess —~ ^li r„ a 

es enttal for the termtnal to know what services are available in the varioul 
~ w i cV Taf enh h anCememS COn " min8 

packet sw.tched data serv.ces the network broadcasts information about the 

rl ^TT r iCeS ; n C ° mm0n COmr0 ' " ^ ™ 

rece.ve thts tnformatton and use ,. as an input to the optimization means That 

actually tneans that the terminal is able to receive a directory of services and Pick 

U p a su.table service. However, the GSM currently does „oT provide 
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service but the terminal has to try to use the service in order to know if it is 
available or not. 

If the data terminal equipment and radio unit are separate devices, as they are e g 
5 in Nokia Mobile Phones' present data concept, they have to be able to 
communicate with each other. In said data concept the PCMCIA card and the 
mobile phone are capable of exchanging information over a bus (Nokia Bus) In 
^future, the service directory could be sent to the PCMCIA card simply over 

The PQ selection based handover can be applied also when changing connections 
rom a terrestrial network to another, e.g. from the GSM system Jthe peTna 
communication system (PCS) or the digital European cord.es 
telecommunication (DECT) system. The selection may be done both when the 

cTnnectir 1 " " " ^ ^ " " °" *" ***** 

Since those networks participating in the universal multimode system that have 
radio coverage in the same area share the same users because of the PQ selection, 
they also share their capacity between all available users. Therefore, the total 
capacity of the network may be increased by adjusting and enhancing the service 
prices and transmission quality. This means that a full load can be placed on the 
capacity of such a network during busy traffic hours. Therefore, when new 
mobile terminals try to access such a network, call congestion will not be a 
problem anymore since the multiple access selective system routes all new 
mobile terminals to other networks available. The universal multimode system 
forms a transparent integrated network at the radio interface level of the various 
networks, whereby several networks may share the same subscribers which 
increases the number of their customers without fear of congestion. This means a 
capacity increase, which is cost-effective from the point of view of the operators 
and brings new efficiency in the use of capacity in mobile communications. 

Next we will consider the question whether users, if they for various reasons 
(travelling, lower prices, better services, etc.) need access to various networks 
have to buy or lease different terminals or to make a contract with the various 
operators to satisfy these needs. On the other hand, the mobile operators from 
fme to time have to adjust their prices according to their services and compete 
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with other operators to win new customers. It is difficult to attract cu^ m u 
already have a contract with another operator. PQ he useTf ^ 

smart card management part (SCMP) and the mobile price ir^oL 
invoicing systems can solve this problem. Both ^1^^^^ 
system and mobile invoicing system are new pricing and invoicmg s lT T 
advanced tele s ^ aJso objects fa J^£^£ 

that the most suable and competitive system will be used In addition T 
Pncing system and invoicing system can be applied in Hxed net^t 

Next we will discuss the mobile pricing system (MP*\ u • 
advanced system which increases >„„ ^ 

way s.nce provides each opera , or wjlh (he of gaining a common 

advantage by adjusting the re.a.ive prices of their services accordfng oTp , « 
or urne. P.ace. „me and m obi.ity are key factors in the mobile pncing p ocedui ! 
Operators may change their prices according to the capacity in certaTn areas « 
■n metropohtan areas or suburbs. A satellite bean, covering gap" " Tc!u2 
network may offer services at a higher price than another one which provide" 
mra coverage. The mobile pricing procedure may vary from cel. to 1,'™ 0 
beam area to area and,final ly , from network to network. Since the users too 
mob, e, they must have a chance to use different service providers wi, d fLm 
pnce levels. And stnce the sa.eHi.es are aiso mobile, .he mobile pricing procedure 
■s necessary and. therefore, the use of the mobile pricing sv.JL • r ° cedure 
solution , ha, supports free and rational! J'l^T 
25 commun,ca,.ons. Satellite operators can best benefit from the advantages™! 
mob.le pncmg system and enjoy a broad market when they buiid thefr system 

"veiXTe » ° f mOW,e S,a,i ° nS faS,er ' W *«ere„T pi 

levels fo the serv.ces m the same or different areas increases the returns of both 

•he satelhte and the terrestrial operators in a rational way and gets'he users 

support. Furthermore, offering lower prices for satellite services in areas already 

covered by terrestna. networks entices customers of cellular networks into us ng 

satelhte serv.ces as we.,, which makes the use of the mobile pricing sys tm 

necessary^ nee the transmission quality of satellite communications if, due to 

delays and long d,stances, poorer man .ha, of .errestrial systems, the mobile 

pnc.ng S ys,em may provide satellite operators with the chance to offer their 

services at dynamic prices during the busy hours of terrestrial networks and thus 

a chance to share customers with terrestrial operators. However, all this is' 
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possible only by applying the mobile pricing svstem wh.vi, . 

se.ec.ion provides a rational and rJ^J,^" ^^' ^ PQ 

.0 base station 2, of the cellular sys^^Tor^Tr^T ^ 
21 consto.es a cel. 22 in the cellular system sate.me A h ' k . S ' a "° n 
said ce... and sate.H.e B has a beam 26 coJen ' both U,e Ih V"™" 8 
beam 27 which partly overlaps the beams 24 and^ £ ' ^ 

service prices in each network are as follows ™ " , " a ' 

15 cellular system: ti/™„ 

satellite system A- * , 8 aansmissi °" V-Oty. 

satellite system B. beam 26- S 0^'™^ ttanSmiSsion I"** 

satelltte system B, beam 27- S ^ ttln " ntefa " 

$ 1.5/mm.. average transmission quality. 

» Depending on the level (price/quality) required bv the ,„,r , k 

after an evaluation and calculator . of me i„fo . USer ' mob " e "nninal. 
optimal network, e.g. satellite system B b^cause^he^ric 1 ^ 
transmission quality acceptable. But if u£ ™ to 7 " T"""' ^ 
should use another criterion (^^^T^L J! ' te 
5 switch to the beam 27 of me sateimHysL^ u D e rf 'T"* ^ '° 
new area with higher service prices since mere' TZ',^™ * 
processing is done by the PQ selection !V «1T "° a " enla " vc All 
information received',™ 1 m T^y^ZT^T' ^"'^ » 
>o -he participating sate.li.e or terrestriaj ne.wo 1 ToT'Jl , 8 '"'^ 
access satellite system only. alternately to the multiple 

The mobile pricing system may also transfer information e B about ,h, , 
available, and men we are talking abou. a Pro „, . CapaCUy 
selects a connection on me f^'^^^T^ ' V.^ * a ' 
a PQ or PCQ system .ike the one ^scnZlZT^T", " 
listing system, say. in the GSM system Then h^ld ""P"™nted » any 
could simply be added in me bJdcas, ^^^^2^^ 
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The PCQ selection could be implemtntedT £ £^Z!> ^ dr" 
changes in the system configuration, since .here alread^ , 
system a channel selection procedure based „„ „ . "* GSM 

the terminal and baSe stals Z o^ ^ 

connection quality, among other things. By addin* sc r!L ? 
information, the selection could be based „„ L "Z«T of * 
and quality, or only the price, for example. ^ ""P"*" 

The ^universal muitimode system includes a price information controller (P,o 
which is integrated in each satellite or cellular svstem in n a a °"" (P,C > 
information on their common signalhng ZZ^^ ™* 
mformafon contro.ier may be integrated in one satellite sy , el a a D T 
15 nformauon database of satellite and terrestrial operators send IT. he r. , 
■n formation a, a., times to aII mobile station users. „ * as th7 
information controller serves the users ius, lit. , ' pnCC 

customers by receiving, control^ > Z i ^ Pric« ^ * 

^ continuously and by sending these to the mooi.e s^serl ^ 

Next we will discuss the mobile invoicing system (MIS) including ,he smart card 
management part (SCMP) in * e mobile terminal, which debits L c»TT 
directly from U,e user s smart card or transfers them from the «di« ca rd ^ 
to the operator's account during the call and whT„ „ aCC ° Un ' 

n emational credu card, banks or consortia of sate.iite and terrestrial ^rl" 
for example, may develop a kind of tele credit card, which here is c ,Z ca ,' 
charging module (CCM). Another alternative is the subscriber ide" 1 an " 

30 sT"? m0d, " e <S,IM) ^ ^ te ^ b0th as a barging rno^ Te and 
30 as ^ ordinary subscriber identity module (SIM). The invoices may be sen to me 
mob, e , erm , na , lQ |he users of payjng ^ ^ ^ oth V sem o «, 

wtll be disconnected from the network after a specified time limit. A consortium 
of operators may open an international or local account to which the user can 

35 Zn T °' her Hand ' ^ " ° f inVOiCi " S "<*°£ZZZ 

35 from a satellite system to a terrestrial system and vice versa or from a ,en-es«a 

to another terrestrial system can be implemented after the call has endedTnT 

case the call tariffs and changes comply to the dynamic account^ sytm (DAS) 



<WO 962894 7A1> 



10 



15 



20 



25 



30 



35 



WO 96/28947 

PCT/FI96/00I41 

17 

where the operator-specific call charges and user-specific charges are calculated 
on the basts of real-time values obtained from the currency market, and the user's 
smart card is debited accordingly, or the charges are further transferred directly 
either to the user or to the operators, depending on the arrangements agreed upon 
5 when drawing up new international agreements between operators. A dynamic 
pricing procedure is rational and necessary to international mobile operators 
because of sudden changes in the values of different currencies. Otherwise the 
charge compensation between the operators may be performed as in the existing 
procedures in cellular systems, upon which the operators, e.g. GSM operators 
can agree. The mobile invoicing system also includes an invoice information 
controller (HQ which arranges the customer-specific invoices and deb" 
users smart cards etc. and controls the tariffs. The invoice information controller 
is preferably integrated in the dynamic accounting system. 

(MllTr h haV \ a T ^ ^ mUkiPlC 3CCeSS SateIHte "Nation s^em 
(MASCS). The multiple access satellite communication system provides satellite 

communication services and mobile pricing and invoicing services for dual-mode 

and multimode terminals. This system may also be integrated in available or 

future satellite communication systems that support services provided by the 

mobUe pacing system and invoicing system and other solutions described in 

connection with the present invention. The multiple access satellite 

communication system may alternatively function as an interconnecting system 

for all satellite systems. In that case the only requirement for a dual-mode or 

mulnmode terminal is that it is connected to a terrestrial network and to a 

multiple access satellite communication system. The latter receives all price and 

other required information from other satellite systems, or it may give those to 

the terminal itself. Then the terminal compares the received information with 

information obtained from the terrestrial network and selects the optimal network 

using the PQ selection. If the selected network is a satellite system the terminal 

informs the multiple access satellite communication system about the selection 

This, m turn, requests an access to a third satellite system chosen by the terminal 

after which, if access was successful, communication between the terminal and 

the third satellite system occurs via the multiple access satellite communication 

system. In this alternative, the multiple access satellite communication system 

charges the third satellite system for transit services only. The satellites of the 

multiple access satellite communication system are positioned in the case of a 
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separate satellite system so that it is possible to support the efficient providing of 
communication services to the users of the system. 

Universal systems are expected to comply with local regulations and. what is 
> more important, to share the returns from the traffic with local operators in the 
countries in which the calls originate or terminate. Therefore, access must te 
precisely controlled and be in accordance with all appropriate 2 La 

rjr ; C Lct e universal muItimode system ' this is ~v*e 

ZiZ^iIdT" ^ in ^ C ° umiy Md connected to the fixed 

wo rk (PSTN ISDN) serves as a representative of and gateway to the multiple 
access satellite system, operating as an agency for said satellite system 
fac.htaung the sharing of made returns with the local operators, which will be 
earned out in a way complying with the local regulations. The calls local 
controller is . transceiver in parallel with the transceiver of the satellite system 
Simultaneously with the satellite system it receives the request and acknowledge 
messages switched between a dual-mode or multimode terminal and the satellite 
systems, as well as the information about the duration of each call. The calls local 
controller may prevent access by a mobile terminal to the satellite systems or any 
call ternunatmg in a terminal by sending a "stop access" command to the satellite 
operator, or alternatively the connection between the mobile terminal and the 
multiple access satellite system may be implemented through the calls local 
controller. Each calls local controller is responsible for only those traffic areas 
which are located in that country. Traffic areas are determined by all the satellite 
cells that cover the areas of that country and in which the mobile terminal is 
located or is moving. Since satellite cells are continuously moving, their location 
is made fixed by means of a backward relay system, which will be discussed 
later. In addition, the calls local controller is provided with a home location 
register (HLR) which includes information about all subscribers who live in the 
country m which the calls local controller is located, so that satellite systems are 
forced to request the calls local controller for information about the identity of its 
subscribers for each originating or terminating call. The calls local controller is 
also prov.ded with a visitor location register (VLR) for those mobile terminals 
that visit the area controlled by the calls local controller. 
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Not we will discuss the so-called backward r e lay system «=■ 
which includes several cells is continuous 2 " Sa,ellite bea "i 

needed which changes c^^Z^ZV ^ < S 

system switches the channels of each eel" to 1 ^ baCltWard rela V 

5 geographical areas (footprints) cojj^™^™ ^ * e 
In the backward relay system, each cell and bel t T Sa ' e "" e mOV «- 

respective leading cell or beam The co ool, r c °™«ered as trailing the 
beam in the backward re,a y 2 .*« *' "™«« 

Wang ,nto account in the calculation .h» c / , channels, is performed by 
>0 Earth and the nutation nJZZ^Z? 0 '"'?*"'*** ™ m «* «• *e 
virtually fixed cel. is a newTncem T 7 V ' m °" y fi * ed «"« WC). A 
compared with the cells o a ceSsy s t Tt T"* *""> " «* 

*. and they make P*^^^™"** «~ - 
each country. The backward relay svstem m , T "nportance to 

15 switch the channels of a beT^^T '"'^ Sa<e,,i * <° 

Therefore, calls originating , '° ^ 

-ted. and the calls local Lj^^^ « -"X <°«ted and 

mobile stations, the universal multim^d X s i 2 Iermina ' ed 
a satellite system (e.g. Inmarsat-P) or its ^".ion between 

satellite communication system in w„ ch L m " Mp,e ac «ss 

- mobile termmals of the ^^Z^ZZT"^ ^ * 
■ S h °me location register. A mobile terminal in .h, h, «8"«ered in ils 

broadcast channels of mis satel.i eastern atd " ^ " S,e " S '° the 
information to it. The satelltte svsferl con 'muously sends its location 

(C-MSC, which in the «J^X~JS^' «— ' 

's a calls local controller (CLC) conn,, JT commun.cation system 

> ordtnary PSTN network or ISDN ne ^ 01,1°, " S " Ch " S » 

- routed via this gateway to ^l^TZT " S,a "° n 
terminals. In this alternative the satellite „I , m there 10 mobile 
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the optimal network for the connections. Having accessed th. n ~t u u 

— *. r „ Iocation ^::::T^ n z:Tz°t 

mformatton ,s then routed ,o the visitor location register (VLR) oTtn u 
TWore, only one network, name.y tha, in whose vi! loc I' ~ 
5 locatton mformation of the mobi.e termina. is temporarily regisLd In 

calls terminating at the mobile station After that hTLkm ' 
change networks as i, moves, bu , the cal, ^ ^^^Z 
e l or from network to network by means of the access and handover based on 

ocaZ r 0n - ^ ra ° bi,e ,em,inal SWi ' Ch « "» network Z 

locauon tnformatton ,„ the visitor .ocation register of the previous network L 

a sho„ ld ^ d lhat lhe so|u(jons name 

arrangements and terminal arrangements, related to .he universal muhirZ 

sate.hte-based mobtle networks, bu. they can jus, as well be applied in all mobile 
commun.ca.,„„ systems where these so.utions are needed. Above i, has be n 

tZTZ'Zt emb 1 imm : ° f inVemi0 "- bU ' « ^ ^ - 

can see that there are also other alternatives for the implementation of the 
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Claims 

1 - A mobile communication system combining several mnhii. 
networks Aa, raay b e,on g t „ differen, mobile J£££%ZT^ h 
mobile terminals can operate and establish ™n„ svste ms. m which 

i communication networks, charTcteri ed n 2 7Z ^ ^ mobite 

which a mobile terminal decides on Zd ^S^TTSE ^ ^ ^ ° f 
of the connection, at least one other parameter * ^ qUaHty 

2. The mobile communication system of claim 1, characterized in rh„ th 
parameter ,s one of the following: price caoacirJ , ra enZed ,n ^ 
availability. P capacity, transmission speed, and 

3- The mobile communication system of claim i nr 9 ... 

.he mo bne .ennina. decides on ,he handled Ae bas s o7 toT* thi " 
15 parameter. of more one 



20 



4- The mobile communication system of claim 3, characterized in th»r ,h 
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6. The mobile communication system of any one of the orecedinc ■ 
characterized in that the user of the mobile terminal se " J 2 1 ' 
and/or critena on the basis of which the mobile ^^^^^ 

7. The mobile communication system of any one of claims 1 to s 

La:: a ::r ed , in that the mobi,e tem,inai is an ; 

least one apphcation and that the application define, rh. ™ 
cri.eria on t „e basis of whi ch Ae rnobi.elnnina, dt^™ 

!h» T !' e m °, bi ' e communica,io " of any one of ,he preceding clai ms 

,n i r " includes means for de,ivering «■» -n-ion pa,;!:;; 

.nformation lo mob.le (erminals for the handover decision. 



IO:<WO 9628947A1> 



WO 96/28947 

PCT/FI96/00I41 

22 

9. The mobile communication system of H a ; m c u 

5 

10. The mobile communication system of claim 8 or 9 character,™,! u 
the parameter information is sent to mobile terminals on aT 

channel. terminals on a common control 

10 11. The mobile communication svstem nf Q n„ 

charged in u,a, * p.ame.erTntllT^Lg Id^T; 8 «° ^ 
mobile terminals continuously. g " 15 Sent to Ac 

12. The mobile communication svstem of o„„ 
15 Oa ra c.e riM d in Aal (ne m e „ s y r s =„di y ih T co 0f ^ 8 '° "' 
informal ,o o» mobUe .ermina.s compZ Ul ^T" 0 " 

co„, inu „ usly receives price infonnation j ■ = ; ™; m p ; b ,: g c system which 

reworks and sends i, f urth er ,o ,he mobile "* COm "»""«"°" 

20 13. The mobile communication syslem of claim l-> a. . • 

indudes a, leas, one price information con JZ.o^nd " " f " 
common con trol or signaling channel ,o ,he mobUe^ina's OIma "° n ^ 

mobile communication system. satellite-based 
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16. The mobile communication system of claim 15, characterized in that rhr 

system combining several mobile communication networks is imeTaten 

some of the satellite-based mobile communication systems " " ^ " 
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17. The mobile communication system of claim 15. characterized in that the 
system combining several mobile communication networks is a satellite-based 
system serving as an interconnecting system for at least one other satellite-based 
mobile communication system. 

5 

18. The mobile communication system of claim 17, characterized in that it 
includes for each geographical area a local controller which serves as a re 
presentative of the interconnecting system and as a gateway to it in said eeo- 
graphical area. 6 

19. The mobile communication system of any one of the preceding claims 
characterized in that it also provides invoicing services for mobile terminal 
users and network operators. 

20. A mobile terminal capable of operating and establishing a connection in 
several mobile communication networks which may belong to different mobile 
communication systems, characterized in that the parameters on the basis of 
which the mobile terminal decides on a handover include, in addition to the 
quality of the connection, at least one other parameter. 

21. The mobile terminal of claim 20, characterized in that the parameter is one 
of the following: price, capacity, transmission speed, and availability. 

22. The mobile terminal of claim 20 or 21, characterized in that it decides on 
25 the handover on the basis of more than one parameter. 

23. The mobile terminal of claim 22. characterized in that it decides on the 
handover on the basis of the ratio of the price and the quality. 

30 24. The mobile terminal of claim 22, characterized in that it decides on the 
handover on the basis of the price, quality, and capacity. 

25. The mobile terminal of any one of claims 20 to 24, characterized in that 
the user of the mobile terminal selects the parameters and/or criteria on the basis 
35 of which the mobile terminal decides on the handover. 
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26. The mobile terminal of any one of claims 20 to 24 character.^ k 
is an intelligent terminal including at least on, C i haractenzed that it 
application defines the parameters JL^^J^^ ? 
mobile terminal decides on the handover. S,S ° f Which the 

27. The mobile terminal of any one of claims 20 to 26 characterized • u ■ 
recetves parameter information on a common control channel " 

28 The mobile terminal of claim 27, characterized in that the n* 
infoimauon is varying and the terminal receives it sir! , Parameter 
while being in a standby state or in operation s ^ant la „y continuously 

29. The mobile terminal of any one of claims 20 to 28 character^ ■ u ■ 
contmuously receives parameter information on the available T " 
various networks and is ready to perform a h7 h U ° nS ° f the 

parameter information. P ' hand ° Ver °" the basis of that 

30. The mobile terminal of any one of claims 20 to 29 charactered i th • 
-ay request and be granted access simultaneously to mTrelan one h i" 
communication network and select a connection from ! u m ° Me 
of the parameter information it has receded ^ 0n ^ baSiS 

31. The mobile terminal of any one of claim* on t„ ™ u 

also inch*, invoicing means. ^ charac,eri "<' in .ha, i, 

32. The mobile terminal of claim 3 1 , characterized in rh», ,h„ ■ 



30 
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33. The mobile terminal of claim 31 charartpri^ .u i . 

include a call charging module. CharaC,e "" d » < h *« «• .nvoicing means 

34. The mobile terminal of claim 3 1 , characterized in ih„r .h. ■ 

are included in a combined subscriber iden.i.v J^^^"^ ^ 

35. A meihod for performing a handover in a mobile tennina! which is capable 
of operaung and es.ablishing a connecion in several mobile communion 
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networks which may belong to different mobile communication systems 
charactered in that the parameters on the basis of which a handover decision is 
made mclude, in addition to the quality of the connection, at least one other 
parameter. 

5 

36 The method of claim 35, characterized in that the parameter is one of the 
following: price, capacity, transmission speed, and availability. 

37. The method of claim 35 or 36, characterized in that the handover decision 
i U is made on the basis of more than one parameter. 

38. ^ The method of claim 37, characterized in that the handover decision is 
made on the basis of the ratio of the price and the quality. 

15 39. The method of claim 37, characterized in that the handover decision is 
made on the basis of the price, quality, and capacity. 

40. The method of any one of claims 35 to 39, characterized in that the user of 
the mobile terminal selects the parameters and/or criteria on the basis of which 

*v the handover decision is made. 

41. The method of any one of claims 35 to 39, characterized in that the mobile 
termmal is an intelligent terminal including at least one application and that the 
application defines the parameters and/or criteria on the basis of which the 

25 handover decision is made. 

42. The method of any one of claims 35 to 41, characterized in that it is 
continuously received parameter information on the available connections of the 
d.fferent networks and the handover is performed on the basis of the received 

30 parameter information. 



43. The method of any one of claims 35 to 42. characterized in that it is 
simultaneously requested a connection to more than one mobile communication 
network and one of the connections is selected on the basis of the parameter 
35 information received. 
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